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(54) Toroidal continousiy variable transmission 

(57) A continuous variable transmission is disclosed 
wherein the planetary gearset arranged downstream of 
the toroidal transmission mechanism is made simple in 
construction to reduce the overall axial length. To cope 
with this, a first planetary gearset(i6) arranged down- 
stream of the toroidal transmission mechanism(8) is 
comprised of a first carrier(18), a sun gear(17) con- 
nected to an output disk(3), and a ring gear(25). The 
first carrier(18) supports thereon a dual pinion having a 



first and second planet-gears(20,23). The ring gear(25) 
may come in engagement with the second planet- 
gear(30) through a first clutch(38) for low-range opera- 
tion. The combined construction of the first and second 
planetary gearsets(16,30) contributes to the reduction 
of the axial length in the gearing mechanism. The sec- 
ond clutch(39) for high-range operation may hold the 
second ring gear(37) to a stationary case(13). 
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Description 

[0001] The present invention relates to a toroidal continuous variable transmission adapted for the vehicle such 
[0004] ^""^T^S?^ 
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disk 2 by the ^^^J^.^^^^ S 9 4 d Se second output dtek 5 through the second power roller 
TT' TZZl^^e^iZ^ oSput d!sS 3. 5 are madeTn an integra. structure to rotate together h 



50 



55 



2 



BNSDOCID- <EP 1026424A2J_> 



EP 1 026 424 A2 

ond sun gear 53, the gears 50 and 53 being arranged on axially opposite ends of the middle journal, one to each end. 
With the construction as described just above, as the first sun gear 47 is opposite in rotating direction to the carrier 48, 
the pinion 49 revolves around the first sun gear 47, spinning on its own axis, to thereby rotate the torque tube 52 in the 
same rotating direction as the hollow drive shaft 15. 

5 [0008] Rotation of the drive mechanism 46 is transmitted through the torque tube 52 to an output gearing mecha- 
nism 54 consisting of first and second planetary gearsets 55 and 56. The first planetary gearset 55 comprises a third 
sun gear 57 attached to the torque tube 52, a first pinion 58 supported for rotation on a mount member 60 fixed to a 
stationary case and meshing with the third sun gear 57, and a first ring gear 59 in mesh with the first pinion 58. The 
second planetary gearset 56 includes a fourth sun gear 61 attached to the torque tube 52. a second pinion 62 sup- 

io ported for rotation to a carrier 64, and a second ring gear 59 connected to the extension 14 of the input shaft 1 and 
meshing with the second pinion 62. The first ring gear 59 of the first planetary gearset 55 and the carrier 64 of the sec- 
ond planetary gearset 56 extend downstream so as to be selectively connected to the output shaft 40 via either a high- 
range clutch 65 or low-range clutch 66. 

[0009] When engaging the high-range clutch 65 whereas disengaging the low-range clutch 66. the transmission 
75 ratio becomes the high-range operation. In contrast, when the low-range clutch 66 is engaged to select the low-range 
operation, the second ring gear 63 rotates in the same direction as the direction A of the input shaft 1 . The fourth sun 
gear 61 , however, rotates in the opposite direction B, but at a speed varying depending on a magnitude of transmission 
ratio of the toroidal transmission units 8, 9. Although the output shaft 40 may is turned at a revolving speed of the sec- 
ond pinion 62. but shifted into any one of forward, neutral and reverse, depending on the rotating speed of the fourth 
20 sun gear 61 , which varies in accordance with the speed-changing operation at the toroidal transmission units 8, 9. 
Moreover, the rotating speed of the fourth sun gear 61 affects the magnitude of rotating speed of the output shaft 40 at 
forward and reverse rotation. When the toroidal transmission units 8. 9 provide the transmission ratio of the maximum 
overdrive, the overall transmission comes in reverse. In contrast, when the toroidal transmission units 8, 9 provide the 
transmission ratio of the maximum reduction, the overall transmission comes in forward. Thus, any transmission ratio 
25 between the maximum overdrive and the maximum reduction may render the overall transmission neutral and no torque 
converter or clutch is necessary even under some conditions, as in starting a stationary vehicle. The transmission con- 
structed as described above makes it possible to eliminate the countershaft arranged parallel to an input shaft astride 
the input disk, thereby resulting in reducing the overall diametric size of the transmission. 

[0010] Nevertheless, the continuous variable transmission having the toroidal continuous variable transmission as 
30 described above needs the components: the step-gear for the pinion 49 revolving just as the planet in the drive mech- 
anism 64, and first and second pinions 58, 62 in the first and second planetary gearsets 55, 56. respectively, in the out- 
put gearing mechanism 54. In addition, the drive mechanism 46 and output gearing mechanism 54 are arranged in 
series along the same axial direction. Thus, the prior continuous variable transmission has a major problem of becom- 
ing much longer in the overall length of the transmission. 
35 [001 1 ] Taking into account the major problem that the in-line arrangement of the drive mechanism and the output 
gearing mechanism along the common centerline results in increasing the overall length of the transmission, it may be 
worthwhile considering incorporating or uniting any one of the planetary gearsets into the drive mechanism and arrang- 
ing another planetary gearset downstream of the drive mechanism so as to arrange the planetary gearsets in two row, 
thereby providing selectively any one of forward motion, neutral and reverse in the overall transmission in accordance 
40 with the speed-changing operation at the toroidal transmission units, and further making it possible to reduce overall 
length of the transmission. 

[0012] The present invention has for its primary aim to overcome the problems in the prior art as described just 
above and in particular to provide a continuous variable transmission made less in overall length, which makes it pos- 
sible to provide wide or large transmission ratio spread in the overall transmission, no matter how small the transmission 

45 ratio spread of the toroidal transmission mechanism. 

[0013] The present invention is concerned with a continuous variable transmission comprising a toroidal transmis- 
sion mechanism, a first planetary gearset and a second planetary gearset, the toroidal transmission mechanism being 
comprised of at least one pair of toroidal transmission units, each of which comprises an input disk revolving integrally 
with an input shaft, an output disk arranged confronting the input disk and supported for rotation on the input shaft, and 

50 power rollers arranged between the confronting input and output disks and supported for pivoting motion on a stationary 
case, the first planetary gearset being comprised of a hollow drive shaft connected integrally with the output disk and 
fitting over the input shaft for relative rotation, a first sun gear connected integrally with the hollow drive shaft a first pin- 
ion, a first carrier connected integrally with the input shaft and supporting thereon the first pinion for rotation/and a first 
ring gear, the second planetary gearset being comprised of a second sun gear transmitted with a torque from the first 

55 pinion, a second pinion, a second carrier supporting thereon the second pinion for rotation, and a second ring gear, the 
first pinion in the first planetary gearset being of a dual pinion that is made with a first planet-gear meshing with the first 
sun gear and a second planet-gear meshing with both the first planet-gear and the first ring gear, the second pinion in 
the second planetary gearset being of a dual pinion that is made with a third planet-gear meshing with the second sun 
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with the accompanying drawings. 

FIG. 1 is a schematic view illustrating a preferred embodiment of a continuous variable transmission in accordance 
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sion and speed ratio I CV t * n a toroidal transmission mechanism: and 

FIG. 3 is a schematic illustration showing a prior continuous variable transmission. 

[0022] An embodiment of the continuous variable transmission according to the present invention will be explained 

5 below with reference to the accompanying drawings. The continuous variable transmission shown in FIG. 1, likewise 
with the prior continuous variable transmission in FIG. 3, is provided with two set of toroidal continuous variable trans- 
mission units 8, 9 of double-cavity type, which are arranged confronting one another along the common centerline. As 
the toroidal continuous variable transmission units 8, 9 in this embodiment are identical in construction with the toroidal 
continuous variable transmission units 8, 9 described above in reference to FIG. 3, similar reference characters desig- 

io nate similar elements or components in the following description and the previous description will be applicable. 

[0023] The hollow drive shaft 1 5 connected with the second output disk 5 extends through a center bore of the sec- 
ond input disk 4 confronting the second output disk 5 and supports thereon the second input disk 4 for rotation. The 
input shaft 1 fits in the hollow drive shaft 1 5, which is thus supported for rotation relative to the input shaft 1 . In the draw- 
ing, a reference letter A denotes the rotating direction of the input disks 2, 4 while a reference letter B is the rotating 

15 direction of the output disks 3,5. 

[0024] The toroidal transmission units 8, 9 are coupled to the output shaft 40 through first and second planetary 
gearsets 16, 30 offset with respect to the common centerline of the toroidal transmission units 8, 9. The first planetary 
gearset 16 is of a dual pinion type that is comprised of a first sun gear 17 connected integrally to the hollow drive shaft 
15 at the end opposite to the first input disk 2, a first carrier 18 connected integrally with both the input shaft 1 and the 

20 input disk 4, a first step-gear 19 supported for rotation on the first carrier 18 and provided with a first planet-gear 20 
meshing with the first sun gear 17. a second planet-gear 23 supported for rotation on a shaft 24 to mesh with the first 
planet-gear 20, and a first ring gear 25 meshing with the second planet-gear 23. The first and second planet-gears 20. 
23, in combination, constitutes a first planet-pinion in the first planetary gearset 16. 

[0025] Another gear 21 in the step-gear 1 9 comes in mesh with a gear 27 of a step-gear 26 that is in coaxial relation 
25 with the input shaft 1. The second planetary gearset 30 arranged in juxtaposition with the first planetary gearset 16 is 
of a dual pinion type similarly to the first planetary gearset 16. The second planetary gearset 30 is comprised of a sec- 
ond sun gear 28 provided on the step-gear 26 at the end opposite to the gear 27. a third planet-gear 33 supported on 
a shaft 34 borne for rotation by second carriers 31, 32, a fourth planet-gear supported on a shaft 36 borne for rotation 
by the second carriers 31, 32 to mesh with the third planet-gear 33, and a second ring gear 37 meshing with the fourth 
30 planet-gear 35. The third and fourth planet-gears 33, 35, in combination, constitutes a second planet-pinion in the sec- 
ond planetary gearset 30. 

[0026] The first ring gear 25 in the first planetary gearset 1 6 may come in coupling with the second carrier 31 in the 
second planetary gearset 30 through a first clutch 38. On the other hand, the second ring gear 37 in the second plan- 
etary gearset 30 may come in coupling with the case 13 through a second clutch 38. With the transmission embodied 
35 as described above, the first pinion associated with the step-gear 19 is formed in a dual pinion, which meshes at the 
periphery thereof with the first ring gear 25 to provide the first planetary gearset 1 6. Compared with the continuous var- 
iable transmission shown in FIG. 3, the continuous variable transmission embodying the present invention saves any 
one of the planetary gearsets that have been incorporated in the output gearing mechanism 54. 
[0027] The toroidal transmission mechanism in the continuous variable transmission constructed as described 
40 above may operate likewise with the toroidal transmission mechanism in FIG. 3, so that the previous description will be 
applicable. On operation of the toroidal transmission units 8. 9, the output disks 3, 5 and the hollow drive shaft 15 con- 
nected to the output disks 3, 5 are rotated in a direction opposite to the input disks 2, 4. In the first planetary gearset 
16. the rotation of the hollow drive shaft 15 makes the first sun gear 17 turn, whereas the input shaft 1 rotates the first 
carrier 15 in the direction opposite to the first sun gear 17. 
45 [0028] When the input shaft 1 is driven under a condition where the first clutch 38 for low-range operation is 
engaged and the second clutch 39 for high-range operation remains disengaged, both the first ring gear 25 in the first 
planetary gearset 1 6 and the second carriers 3 1 , 32 are held stationary to thereby provide a low-range operation. In this 
event, the torque may be transferred from the first ring gear 25 to the output shaft 40 through the second earners 31 . 
32. When the toroidal transmission mechanism operates with a transmission ratio, or reduction ratio: input rpm/output 
so rpm, which is less in absolute value, in other words, with a speed ratio: the reciprocal of the transmission ratio, which is 
large in absolute value, the first sun gear 1 7 is made to turn faster and the first planetary gearset 20 rotates in forward 
while the second planetary gearset 23 turns reverse. Thus, the reverse rotation of the first ring gear 25 exceeds the for- 
ward rotation of the first carrier 1 8 so that the overall rotation of the continuous variable transmission becomes negative, 
as referred to an operating zone R in FIG. 2 where the speed ratio in the toroidal transmission mechanism is repre- 
ss sented by negative numbers because the output disk of the toroidal transmission mechanism is reversed in rotation 
direction with respect to the input disk. 

[0029] ff the transmission ratio, or the reduction ratio, of the toroidal transmission mechanism increases in absolute 
value, in other wards if the speed ratio becomes less in absolute value, the rotation of the first sun gear 17 becomes 
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slow Thus the effect of the forward rotation of the first carrier 18 becomes much larger with the rotation of the input 
shaft whereby the first ring gear 25 starts out in forward rotation to drive the output shaft 40 in forward operation. TTi« 
makes the speed ratio of the overall continuous variable transmission vary so as to increase gradually along a solid line 
shown in FIG. 2, or over an operating zone FL in FIG. 2. On the course along which the speed ratio of the toroidal trans- 
mission mechanism increases, a neutral condition, or an operating point N in FIG. 2 appears, where the rotating speed 
of the output shaft 40 becomes zero. 

[00301 Controlling the transmission may be carried out in such a manner that the first clutch 38 is disengaged and 
the second clutch 39 comes in engagement when the speed ratio of the overall transmission has reached he maximum 
with the first clutch 38 engaged, in accordance with a signal detecting the transmission ratio of the toroidal transmission 
mechanism In this event where the first clutch 38 is disengaged whereas the second clutch 39 is in engagement, the 
first ring gear is allowed to turn freely so that the overall transmission shifts in high-range operation. As the transmission 
ratio or the reduction ratio, of the toroidal transmission mechanism decreases in absolute value, in other wards the 
speed ratio becomes much more in absolute value, the rotation of the first sun gear 17 becomes faster and the rotating 
speed of the step-gears 1 9, 26 increases. As a result, the spinning speed of the third and fourth planet-gears 33, 35 on 
their own axes becomes faster with respect to the second ring gear 37 kept stationary so that the rotation of the second 
carrier 31 31 that is to say, the rotation of the output shaft 40, gets faster and faster whereby the speed ratio of the 
overall continuous variable transmission changes for the still faster as shown with a broken line in FIG. 2. 
[0031] The following will explain about the speed ratio that may be obtained in accordance with the continuous var- 
iable transmission of the present invention. The notation is defined as follows. 

I 



= speed ratio of the overall toroidal continuous variable transmission 
Icvt - speed ratio of the toroidal transmission mechanism 

= number of teeth in the first sun gear 
Z 2 = number of teeth in the gear 27 
25 Z 3 = number of teeth in the second sun gear 
Z4 = number of teeth in the first planet-gear 20 
Z 5 = number of teeth in the first ring gear 
Ze = number of teeth in the gear 21 
Z 7 - number of teeth in the second ring gear 37 



30 



[0032] With the low-range operation selected, a rpm w s1 of the first sun gear 1 7 is given by 



W S1 " *CVT * W l 



35 [0033] Since an output rpm w G is identical with a rpm of the first ring gear 25, 

w Q = (Z 1 /Z 5 ) xw s1 + (1 -Z^lxw, 

= [(ICVT X ( Z 1 /Z 5) +1 - Z 1 /Z 51 XW I 



40 



50 



55 



[0034] A speed ratio l u of the toroidal continuous variable transmission of the present invention in the low-range 
operation may be then written as 

I^Wo/W^lcvrxfZ^ + l-Z^s Pq1] 

[0035] In contrast, a rpm w S3 of the second sun gear 28 in the high-range operation is given by 

w S3 *l 0 *w s1 +(1 -l 0 ) xw, 
= 0o x, cvt + 1 -*o) xW i 

where 1 0 = (Z e x Z 1 )/(Z 2 * Z 4 ) 
[0036] The following equation should be established between the output rpm w Q and the rpm Ws3 of the second 

sun gear 28: 

(1 -Z 3 /Z 7 ) x w D = -(Z 3 /Z 7 ) xw^ 
[0037] Thus, the output rpm w Q may be obtained from the following equation: 
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w o = -[(Z 3 /Z 7 )/(1-2 3 /Z 7 )Jx(l 0 xl 

CVT + ^ " ' o) x w i 

[0038] A speed ratio l H of the toroidal continuous variable transmission of the present invention in the high-range 
operation may be then derived as 

5 

l H = Wo /W| = - [(Z 3 /Z 7 )/(1 - Z 3 /2 7 )] x(l 0 xl CVT + 1. 1 0 ) [Eq 2] 

[0039] It is now assumed in both the first and second planetary gearsets 16, 30 that the number of teeth in the first 
sun gear 17 is 33; the number 2 2 of teeth in the gear 27, 32; the number Z 3 of teeth in the second sun gear 28, 35; the 

io number Z 4 of teeth in the first planet-gear 20, 32; the number Z 5 of teeth in the first ring gear 25, 99; the number Ze of 
teeth in the gear 21 , 33; and the number Z 7 of teeth in the second ring gear 37 is 82. Substituting these values in the 
range of from -0.54 to -2.3 of the speed ratio l cv r in the toroidal transmission mechanism, the transmission ratios l L and 
l H of the overall continuous variable transmission are derived from the above [Eq 1] and [Eq 2] and described in the fol- 
lowing Table 1 and shown in FIG. 2. It is to be noted in FIG. 2 that a solid line indicates the transmission ratio l L in the 

75 low-range operation and the broken line is the transmission ratio l H in the high-range operation. 



Table 1 
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25 



30 



35 



Transmission ratio l C vr 
of toroidal transmission 
mechanism 


Transmission ratio I of over- 
all continuous variable trans- 
mission 


-2.3 




-1 


-2 




0 


' -1-5 




0.1667 


-1 




0.3333 


-0.551 




0.483 


-0.551 




0.4837 


-1 




0.8393 


-1.5 




1.2352 


-2 




1.6312 


-2.3 




1.8688 



[0040] In FIG. 2, the speed ratio (T/M ratio) I of the continuous variable transmission is taken as the ordinate and 
the speed ratio l CVT of the toroidal transmission mechanism as the abscissa. As will be seen from Table 1 and FIG. 2, 
40 the toroidal continuous variable transmission of the present invention may provide large transmission ratio compared 
with the prior toroidal continuous variable transmission. 

[0041] Having described the present invention as related to the embodiment in which the first planetary gearset 16 
is arranged on the side of the first sun gear 1 7 in the first carrier 18, the first planetary gearset 16 may be arranged on 
the side of another gear 21 of the step-gear 19 in the first carrier 18. Moreover, although the planetary gearset 30 
45 employed in the embodiment described above is of the dual pinion type having the third and fourth planet-gears 33, 35, 
it will be understood to those skilled in the art that the same effect may be accomplished by a modification in which the 
second planetary gearset 35 is formed in a single pinion type whereby the torque is transmitted through the first ring 
gear 25, second ring gear 37 and output shaft 40. 

[0042] As the present invention may be embodied in several forms without departing from the spirit of essential 
so characteristics thereof, the present embodiment is therefore illustrative and not restrictive, since the scope of the inven- 
tion is defined by the appended claims rather than by the description preceding them, and all changes that fall within 
meets and bounds of the claims, or equivalent of such meets and bounds are therefore intended to embraced by the 
claims. 

55 Claims 

1. A continuous variable transmission comprising a toroidal transmission mechanism, a first planetary gearset(16) 
and a second planetary gearset(30), the toroidal transmission mechanism being comprised of at least one pair of 
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toroidal transmission units(8,9). each of which comprises an input disk(2.4) revolving integrally with an input 
shaft(1) an output disk(3,5) arranged confronting the input disk(2.4) and supported for rotation on the input 
shaftM) and power rollers (6.7) arranged between the confronting input and output disks(2,4,3.5) and supported 
for pivoting motion on a stationary case(13), the first planetary gearset(16) being comprised of a hollow drive 
shaft(15) connected integrally with the output disk(3,5) and fitting over the input shaft(l) for relative rotation, a f.rst 
sun gear(17) connected integrally with the hollow drive shaft(15), a first pinion, a first carrier(18) connected inte- 
grally with the input shatt(l) and supporting thereon the first pinion for rotation, and a first ring gear(25), the second 
planetary gearset(30) being comprised of a second sun gear(28) transmitted with a torque from the first pinion, a 
second pinion, a second carrier(31,3l) supporting thereon the second pinion for rotation, and a second ring 
gear(37) the with a first planet-gear meshing with the first sun gear and a second planet-gear meshing with both 
the first planet-gear and the first ring gear, the second pinion in the second planetary gearset being of a dual pinion 
that is made with a third planet-gear meshing with the second sun gear and a fourth planet-gear meshing with both 
the third planet-gear and the second ring gear, the first ring gear coming in engagement with the second carrier 
through a first clutch and the second ring gear coming in engagement with the stationary case through a second 
clutch, whereby the torque of the second carrier is transmitted to an output shaft that is connected integrally with 
the second earner. 

2 A continuous variable transmission constructed as defined in claim 1 , wherein the toroidal transmission mechanism 
is of a double cavity type including a first toroidal transmission unit that comprises a first input disk revolving inte- 
grally with the input shaft, a first output disk arranged confronting the first input disk and supported for rotation on 
the input shaft and first power rollers arranged between the confronting first input and first output disks and sup- 
ported for pivoting motion on the stationary case, and a second toroidal transmission power rollers(6) arranged 
between the confronting first input and first output disks(2.3) and supported for pivoting motion on the stationary 
case(13) and a second toroidal transmission unit(9) that comprises a second output disk(5) integral with the first 
output disk(3) a second input disk(4) arranged confronting the second output disk(5) and connected to the input 
shaftM) and second power rollers(7) arranged between the confronting second input and second output disks(4. 
5) and supported for pivoting motion on the stationary cased 3). and wherein the input shaft(1) extends passing 
through both the first toroidal transmission unit(8) and the second toroidal transmission unH(9). and the hollow drive 
shaft(15) supports thereon the second input disk(4) for rotation. 

3 A continuous variable transmission constructed as defined in claim 1. wherein when low-range operation is 
selected, the first clutch(38) comes in engagement while the second clutch(39) is disengaged and. in contrast, 
when the high-range operation is selected, the second clutch(39) comes in engagement while the first clutch(38) is 
disengaged, so that the high-range and low-range change over one another in a condition where the speed ratio in 

35 the toroidal transmission mechanism reaches a substantial upper limit. 
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(54) Toroidal continously variable transmission 

(57) A continuous variable transmission is disclosed 
wherein the planetary gearset arranged downstream of 
the toroidal transmission mechanism is made simple in 
construction to reduce the overall axial length. To cope 
with this, a first planetary gearset(16) arranged down- 
stream of the toroidal transmission mechanism(8) is 
comprised of a first carrier(1 8), a sun gear(1 7) connect- 
ed to an output disk(3), and a ring gear(25). The first 
carrler(18) supports thereon a dual pinion having a first 
and second planet-gears(20,23). The ring gear(25) may 
come in engagement with the second planet-gear(30) 
through a first clutch(38) for low-range operation. The 
combined construction of the first and second planetary 
gearsets(1 6,30) contributes to the reduction of the axial 
length in the gearing mechanism. The second clutch(39) 
for high-range operation may hold the second ring gear 
(37) to a stationary case(1 3). 
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